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Available online 12 September 2016AbstractIn the turn of 12th and 13th “Five-Year Plan” of China, the global oil and gas market changes greatly. In this regard, the target post-evaluation
of the “12th Five-Year” oil and gas exploration and development planning was conducted, which is of significant importance to scientifically and
reasonably making the specific “13th Five-Year” oil and gas exploration and development target planning. The post-evaluation results indicate
that, in the period of “12th Five-Year Plan”, the oil and gas exploration and development targets of China were satisfactorily completed, but some
deficiencies still existed. For example, the target of oil production (2  108 t) was overfulfilled, while the target of oil reserves (65  108 t)
remained 6.4% outstanding. The target of gas reserves (3.5  1012 m3) was overfulfilled, while the target of gas production (1385  108 m3)
remained 6.2% outstanding. Moreover, the targets of unconventional gases were not satisfactorily completed-shale gas being better than coalbed
methane (CBM). Failures to fulfill some targets in “12th Five-Year Plan” were primarily attributed to the slowdown of oil and gas consumption
growth, sharp drop of oil price, downgrading of resources, and changes of statistic basis under the new normal. The forecast results suggest that,
in the period of “13th Five-Year Plan”, given USD50e70/bbl of world oil price, China's annual average incremental conventional oil and gas in
place will be 10.0  108e12.0  108 t and 6000  108e8000  108 m3 respectively, annual average incremental shale gas and CBM in place
will be 1000  108e2000  108 m3 and 500  108e1000  108 m3 respectively, and annual oil production will be about 2.0  108 t. By 2020,
China's annual gas production will approach 1800  108e2000  108 m3 (shale gas: 200  108 m3, and CBM: 150  108 m3).
© 2016 Sichuan Petroleum Administration. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. New situation and background confronted by the oil
and gas industry1.1. The growth of oil and gas demand in the world has
slowed down, the supply is surplus, and the price has
plummetedThe global economic recovery has been feeble and in a
“weak growth” state over recent years. Specifically, the
economy of developed countries has a slow growth, whereas
that of emerging economies has a downturn or even negative
growth. Under this background, the international oil and gas
market falls into a downturn trend, the growth rate of demandElsevier B.V. This is an open access article under the CC BY-NC-ND license
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According to statistics, since 2010, the annual average growth
rate of global oil consumption has dropped from 3.4% to
0.8%, 1.0% averagely, and that of gas consumption has
dropped from 7.5% to 0.4%, 1.4% averagely (Table 1). In the
same period, the average growth rates of annual oil and gas
outputs were 1.6% and 2.0%, respectively. In 2014, the oil
consumption of the United States e the first large oil con-
sumption country in the world only grew by 0.5%, whereas
that of OECD member countries grew by 1.2% [1]. It is
predicted that the growth rate of global oil and gas con-
sumption would continue to slacken in 2015. The OPEC data
show that the global oil output is 9558  104 bbl/d in 2015,
whereas the consumption is 9288  104 bbl/d, so there is
270  104 bbl/d output surplus [2].
Table 1
Global oil and gas consumption and growth rate since 2010.
Year Oil consumption
/108 t
Year-on-year
growth rate
Gas consumption
/108 m3
Year-on-year
growth rate
2010 40.42 3.4% 31937 7.5%
2011 40.85 1.2% 32653 2.4%
2012 41.33 1.2% 33458 2.5%
2013 41.79 1.1% 33810 1.1%
2014 42.11 0.8% 33930 0.4%
Note: Data were rearranged from the Statistical Yearbook of World Energy, BP
(2011e2015).As the growth rate of oil and gas consumption slackens, the
global oil price ceaselessly declines. Since the first half of
2014, the global oil price has plummeted all the way, i.e., it has
dropped by 66%, and wandered at USD40e60/bbl. From
November to December in 2015, the global oil price further
dropped largely to break USD40/bbl and came to USD34.95/
bbl (WTI) on December 17, approaching USD30/bbl. The
growth rate of oil and gas demand has slowed down, the oil
price collapse has largely impacted the oil and gas exploration
and development in the world, so the industry situation be-
comes severe, and the sustainable development of oil and gas
is worrisome. According to Goldman Sachs' estimation, when
the global oil price is lower than USD60/bbl, the oil devel-
opment projects worth about USD1  1012 in the world would
be forced into suspension or delay, involving a productivity of
(700e800)  104 bbl/d [3]. According to statistics, the in-
vestment of top five transnational oil companies in the world
dropped by more than 15% in the first half of 2015, and
continued to drop in the 3rd quarter by 20.6% [4]. The
semiannual report of ExxoneMobil shows that the substantial
negative income of upstream resulted from weak oil price has
swallowed up the profits created by its downstream and
chemical business.1.2. Domestic economic development has entered a new
normal, and the growth rate of energy consumption has
remarkably slowed downAccording to the calculation with the energy consumption
statistic data issued by National Bureau of Statistics of thePeople's Republic of China and the data from the notification
of energy situation of National Energy Administration [5], the
annual average growth rate of primary energy consumption in
China was 8.4%, 4.4% and 2.2% in the periods of 2001e2012,
2012e2013 and 2013e2014 respectively, while the figure was
0.7% in the first half of 2015 and about 1.0% in the whole year
of 2015. The annual average growth rate of oil consumption in
China was 7.8% during 2001e2012, dropped to 3.8% in recent
two years; it was 3.2% in the first half of 2015, and about 3.0%
in the whole year of 2015. The annual average growth rate of
gas consumption in China was up to 16.3% during
2001e2012, dropped to 12.5% and 7.6% during 2012e2013
and 2013e2014 respectively; it was 1.4% in the first half of
2015, and about 2.7% in the whole year of 2015.1.3. The investment on oil and gas exploration and
development in China has largely dropped, and the
growth rate of oil and gas outputs has apparently
slackenedStatistics show that the investment on oil and gas explo-
ration continued to increase during 2006e2013 in China, from
RMB447.02  108 to RMB785.56  108 yuan [6], with an
annual average growth rate of 8.4%. Impacted by low oil price,
the investment on oil and gas exploration and development
dropped obviously in the later period of the “12th Five-Year
Plan”. According to statistics, the investment on oil and gas
exploration and development dropped by RMB227  108 yuan
in 2014 from the amount in 2013, and the upstream investment
was expected to drop by about 30% in 2015 [7].
According to the statistics of Ministry of Land and Re-
sources of the People's Republic of China (hereinafter referred
to as MLR) [8] and National Energy Administration (herein-
after referred to as NEA) [5], oil output grew by 1.1% in 2014,
reaching 2.11  108 t, 2.1% in the first half of 2015, reaching
1.1  108 t, and grew by about 2.0% in the whole year of
2015. In the depressed market, gas development and produc-
tion are obviously inhibited, and the growth rate of output has
dropped apparently. Statistics show that since the beginning of
the 21st century, gas output grew by 11.4% each year aver-
agely; however, in 2014, the growth rate dropped to 7.2%, and
the year-on-year growth of gas output was only 4.3% in the
first half of 2015 [5]. The gas output increased by 3.7% in the
first three quarters of 2015 and was predicted to increase by
about 4.0% in the whole year of 2015. If there are void of
effective systems and mechanisms for ensuring relatively
stable investment on upstream, especially for ensuring stable
investment on risk exploration, in the later period of the “13th
Five-Year Plan” and after, oil and gas reserves and outputs
would be much more likely to decline largely.1.4. Energy revolution should be further promoted and
the “13th Five-Year” oil and gas development planning
should be worked outIn recent years, to ensure the national energy security and
protect the environment against pollution, the government has
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energy system revolution, to eliminate system obstacles in en-
ergy development and getting through the fast lane of it. For the
moment, the oil and gas system reform has entered a critical
period, and oil and gas mining rights, pipe networks, prices and
other aspects will become the focus of this reform. The gov-
ernment has clarified such new development concept as “inno-
vation, harmonization, greenization, opening up and sharing”,
with the aim to promote low-carbon cyclic development and
building a clean, low-carbon, safe and efficient modern energy
system. The strategic decision of energy revolution and the
development concept of greenization and low-carbon have
provided a guiding ideology for studying and making the “13th
Five-Year” oil and gas exploration and development planning,Table 2
Accomplishment of targets of incremental proved oil and gas in place in the “12th Five-Year Plan”.
Indicator Target 2011e2014 Increment in
2015 (forecast)
“12th Five-Year Plan” period
Cumulative increment Accomplishment percentage Cumulative increment Accomplishment percentage
Oil/108 t 65 50.1 77.1% 10.8 60.9 93.6%
Gas/108 m3 35000 32432 92.7% 7800 40232 114.9%
CBM/108 m3 8500 3590.3 42.2% 600 4190.3 49.3%
Shale gas/108 m3 6000 1067.5 17.8% 4373.8 5441.3 90.7%
Note: 1) Statistical review is conducted based on the data from the Report on National Exploration and Development of Oil & Gas (2011e2014) and the Report on
National Reserves of Oil & Gas (2011e2014) of Ministry of Land and Resources; 2) The incremental reserves in 2015 is comprehensively predicted based on
historical data, annual reports of oil companies, and situation analysis.and put forward new direction and requirements for the future oil
and gas exploration and development in China.
2. Targets in the “12th Five-Year” planning and
accomplishments2.1. TargetsIn terms of oil and gas reserves, the “12th Five-Year”
planning provides the following targets: 65  108 t proved oil
in place would be newly added, 13  108 t each year aver-
agely; 3.5  1012 m3 proved gas in place would be newly
added, 7000  108 m3 each year averagely; 8500  108 m3
proved CBM in place and 6000  108 m3 proved shale gas in
place would be newly added respectively [9].
In terms of oil and gas outputs, the “12th Five-Year”
planning provides the following targets: as of 2015, the annual
oil output would be stabilized at about 2  108 t [10], the
annual conventional gas output would come to 1385  108 m3
[11], the annual output of ground exploiting CBM would come
to 160  108 m3 [12], and the annual shale gas output would
come to 65  108 m3 [13].2.2. AccomplishmentsBased on the historical data of oil and gas reserves and
annual outputs, as well as the new situation analysis and
annual reports of major oil companies, the incremental oil and
gas reserves and outputs in 2015 are predicted, and then, theaccomplishment of targets during the “12th Five-Year Plan” is
preliminarily evaluated.
2.2.1. Oil and gas reserve targets
During the “12th Five-Year Plan”, the accomplishment
percentage with the incremental oil reserve target was 93.6%.
Statistics show that during 2011e2014, the incremental proved
oil in place in China was 50.1 108 t, 14.9 108 t less than the
target, representing an accomplishment percentage of 77.1%. It
is predicted that the incremental proved oil in place of 2015
would be 10.8  108 t; then, during the “12th Five-Year Plan”,
the cumulative incremental proved oil in place in China would
be 60.9 108 t, 4.2  108 t less than the target, representing an
accomplishment percentage of 93.6% (Table 2).The accomplishment percentage of incremental gas reserve
target was 114.9%. Statistics show that during 2011e2014, the
incremental proved gas in place in China was 32432  108 m3,
2568  108 m3 less than the target, representing an accom-
plishment percentage of 92.7%. It is predicted that the incre-
mental proved gas in place in China would be 7800  108 m3
in 2015; then, the cumulative incremental gas in place in
China would be 40232  108 m3 in the “12th Five-Year Plan”,
5232  108 m3 more than the target, representing an accom-
plishment percentage of 114.9%, indicating that the target
would be overfulfilled (Table 2).
The accomplishment percentage of incremental CBM
reserve target was 49.3%. Statistics show that during
2011e2014, the incremental proved CBM in place in Chinawas
3590.3  108 m3, 4909.7  108 m3 less than the targets, rep-
resenting an accomplishment percentage of 42.2%. It is pre-
dicted that the incremental proved CBM in place in China
would be 600  108 m3 in 2015; then, the cumulative incre-
mental proved CBM in place in China would be
4190.3 108 m3 in the “12th Five-Year Plan”, 4309.7 108 m3
less than the target, representing an accomplishment percentage
of 49.3%, which is far lower than the target (Table 2).
The accomplishment percentage of incremental shale gas
reserve target was 90.7%. Industrial production capacity was
not formed in the shale gas industry of China during
2011e2013. Statistics show that the incremental proved shale
gas in place was 1067.5  108 m3 in 2014, 4932.5  108 m3
less than the target, representing an accomplishment percent-
age of 17.8%. From January to October in 2015, the
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4373.8  108 m3; then, the cumulative incremental proved
shale gas in place was 5441.3  108 m3 in the “12th Five-Year
Plan”, 558.7  108 m3 less than the target, representing an
accomplishment percentage of 90.7%, which indicates that the
reserve target has basically been accomplished (Table 2).
2.2.2. Annual oil and gas output targets
During the “12th Five-Year Plan”, the accomplishment
percentage of annual oil output target was 107.5%. Statistics
show that in 2011e2014, the annual oil output rose from
2.03  108 t to 2.11  108 t, representing an average increase
of 200  104 t or 1.2% annually, and a total of 8.3  108 t oil
was produced. In the first half of 2015, the oil output was
1.1  108 t, representing a year-on-year growth of 2.1%; it is
predicted that the year-round oil output would be 2.15  108 t,
0.15  108 t more than the target, and the accomplishment
percentage would be 107.5% (Table 3).Table 3
Accomplishment of annual oil and gas output targets in the “12th Five-Year
Plan”.
Indicator Annual
target
2014 2015 Forecast
Annual
output
Accomplishment
percentage
Annual
output
Accomplishment
percentage
Oil/108 t 2.0 2.11 105.5% 2.15 107.5%
Gas/108 m3 1385 1248 90.1% 1300 93.8%
CBM/108 m3 160 37.3 23.3% 42 26.2%
Shale gas/108 m3 65 12.6 19.4% 40 61.5%
Note: 1) Statistical review is conducted based on the data from the Report on
National Exploration and Development of Oil & Gas (2011e2014) and the
Report on National Reserves of Oil & Gas (2011e2014) of Ministry of Land
and Resources; 2) The output in 2015 is comprehensively predicted based on
historical data, annual reports of oil companies, and situation analysis.The accomplishment percentage of annual conventional gas
output target was 93.8%. Statistics show that during
2011e2014, the annual conventional gas output rose from
1013  108 m3 to 1248  108 m3, representing an average
increase of 58.8  108 m3 or 7.3% annually. It is predicted that
the output in 2015 would be 1300  108 m3, 85  108 m3 less
than the target, and the accomplishment percentage would be
93.8% (Table 3).
The accomplishment percentage of surface pumping re-
covery output target of CBM was 26.2%. Statistics show that
during 2011e2014, contributed by the fast-evolving surface
exploitation of CBM, the annual output rose from
20.2  108 m3 to 37.3  108 m3 by 24.3% averagely year on
year, and the cumulative pumping recovery volume was
112.5  108 m3. It is predicted that the CBM output in 2015
would be 42  108 m3, 118  108 m3 less than the target, and
the accomplishment percentage would be 26.2% (Table 3).
The accomplishment percentage of annual shale gas output
target was 61.5%. Statistics show that the shale gas output was
12.6  108 m3 in 2014. It is predicted that the shale gas outputwould reach 60  108 m3 in 2015, but the actual output would
be 40  108 m3. In a word, the actual shale gas output would
be 25  108 m3 less than the target, and the accomplishment
percentage would be 61.5% (Table 3).
In summary, during the “12th Five-Year Plan”, the oil and
gas exploration and development targets of China were
satisfactorily completed, but some deficiencies still existed.
For example, the target of oil production was overfulfilled,
while the target of oil reserves was basically completed with
a difference of 6.4%. The target of gas reserves was over-
fulfilled, while the target of gas production was basically
completed with a difference of 6.2%. Moreover, the targets
of unconventional gases were not satisfactorily completed e
that of shale gas being better than that of CBM. In the “12th
Five-Year” period, the CBM development was well carried
out; the reserve and output growths were fast, but were still
far away from the targets, i.e., 50.7% and 73.8% lower than
the targets respectively. Shale gas caught up from behind,
with a great breakthrough made in exploration and devel-
opment; actual shale gas in place and annual shale gas
output were 9.3% and 38.5% lower than the targets
respectively.
3. Major factors affecting the accomplishment of targets
During the “12th Five-Year Plan”, the macroeconomic sit-
uation changed greatly. The economic growth changed from
high rate to moderateehigh rate under new normal, the
structural adjustment and transformation upgrading paces
speeded up. The growth of oil and gas consumption dropped
obviously, and the exploration and development faced new
situations.3.1. The global oil price collapsed and fluctuated at a
low level, which inhibits the enthusiasm for oil and gas
exploration and developmentThe global oil price collapse and fluctuation at low level
since 2014 bring a great pressure to oil and gas exploration
and development. In this situation, the enthusiasm for in-
vestment is inhibited and the oil companies hold a serious
attitude of watch-and-wait and expectation. According to a
statistical analysis, the comprehensive average cost of do-
mestic oil development is about USD60/bbl [14]. Given the
world oil price of USD40e50/bbl, majority of domestic oil
and gas fields are in a deficit state, with their revenue and
profits largely dropped. As a response to low oil price, the
domestic enterprises have slashed the exploration and
development investment, reduced the workloads like drilling
and seismic prospecting, and slowed down the progress of
production capacity construction and commissioning, which
directly affect the increase of oil and gas reserves and out-
puts, and simultaneously affect the accomplishment of
targets.
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the growth of consumption and inhibited gas
development and productionAs the oil and coal prices fall all the way, the domestic gas
price ceaselessly rises. However, the new energy cost has
dropped obviously, and its competitive power has been
strengthened. Since the environmental protection policy is
not practically in place, the advantages of gas cannot be fully
reflected, and its economy and marketability have dropped,
making the growth of gas consumption drop largely. The
market development was frustrated, with a large volume of
unsalable or “abandoned” gas. The drastic slackening of
consumption growth and the frustration of market develop-
ment largely inhibited the gas development and production,
resulting in the occurrence of such phenomena as well shut-
in and shortfall in output. The retardation of gas production
enhancement directly restricts the accomplishment of gas
(inclusive of shale gas and CBM) output targets. Especially,
the shale gas development is much more affected. According
to statistics of productivity, by the end of 2015, the pro-
duction capacity construction of shale gas in China would be
60  108 m3/a; however, due to dull of sale and other issues,
the actual production capacity was only 40  108 m3/a
(Table 3).3.3. The oil and gas resources grade kept dropping,
which increases the exploration and development
difficulty and costAs the exploration and development expanded to more
domains, the oil and gas resources grade kept dropping. The
low-grade oil and gas proportion was gradually increasing in
the annual incremental reserves, and the low permeability, low
abundance, deep zone and deep water resources became the
main sources of oil and gas reserves increase. The oil and gas
industry in China entered a new phase of low-grade resource
exploration and development with an increasing difficulty and
cost.
A statistical review shows that during 2006e2014, the ratio
of annual average incremental proved recoverable oil to oil in
place dropped from 20.55% to 17.72% [6]. In recent three
years, in the annual incremental proved oil in place, the low
permeability and ultra-low permeability oil and gas reservoir
resources accounted for more than 70%, and the low abun-
dance oil and gas reservoir resources accounted for over 80%.
In the incremental proved gas in place, the low permeability
and ultra-low permeability oil and gas reservoir resources
shared more than 95%, and the low abundance oil and gas
reservoir resources shared more than 60%.
As the exploration maturity increased, such complex
geologic conditions as desert, mountain, loess tableland and
deep water as well as low permeability tight complex oil and
gas reservoirs became the major exploration targets, accom-
panying with increased exploration difficulty, exploration cost,
and investment risks. Statistics show that from 2006 to 2014,
the composite cost of oil and gas exploration rose fromRMB28 yuan/t to RMB47 yuan/t oil equivalent, with an
annual average growth of 6.7%; and the composite cost of
development and production rose from RMB590 yuan/t to
RMB890 yuan/t oil equivalent, with an annual average growth
of 6.1%.3.4. Technical obstacles and adjustment of reserve
statistic indicators directly affected the accomplishment
of reserve targetsDuring the “12th Five-Year Plan”, some oil companies
adjusted their oil and gas reserve management modes, with the
statistic criteria and connotation for proved reserves greatly
changed, which directly affected the accomplishment of reserve
target. According to the statistics, in 2011 and 2012, the incre-
mental proved oil in place in an oil company was 3.57  108 t
and 4.25 108 t respectively, and the incremental proved gas in
place was 2232  108 m3 and 3916  108 m3, respectively.
Considering benefits and quality, the company adjusted the in-
cremental proved oil in place in 2013 and 2014 to 0.9 108 t and
0.46 108 t respectively, which was predicted to be 0.38 108 t
in 2015. In the same period, the incremental proved gas in place
was 554  108 m3 and 707  108 m3 respectively, which was
predicted to be 150  108 m3 in 2015 [6]. If the incremental
proved oil in place in the first two years of the “12th Five-Year
Plan” was based, the incremental proved oil in place of the
company would be 16.0  108e19.0  108 t in the “12th Five-
Year Plan” period, and the incremental proved oil in place in
China would be 67.0  108e70.0  108 t, indicating that the
target would be overfulfilled.
In addition, prospecting rights overlap, technical obstacles,
insufficient investment and other factors severely restricted the
accomplishment of CBM targets.
In general, during the “12th Five-Year Plan”, oil and gas
exploration and development in China achieved remarkable
results and maintained a relatively fast development trend
since the beginning of the 21st century. Oil and gas reserves
maintained a high rate of growth, the annual oil output was
kept stable and increased, natural gas developed relatively fast,
and unconventional gas made a great breakthrough. These
achievements laid important bases for the development of the
oil and gas industry in China in the period of the “13th Five-
Year Plan”. Meanwhile, oil and gas exploration and develop-
ment were confronted with such new challenges as economic
new normal, slowdown of oil and gas consumption growth, oil
price collapse and fluctuation at low level, declining resources
grade, and outdated techniques.
4. Prediction on targets in the “13th Five-Year Plan”
Based on the target post-evaluation of the “12th Five-Year”
oil and gas exploration and development planning, together
with the forecast on the future development trend and oil and
gas system reform, the reserve and output targets in the “13th
Five-Year Plan” were preliminarily predicted based on the data
from oil companies and with the oil price based statistical
analysis method.
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following two years and then may witness a stronger
recovery. The global energy market is depressed as a
whole. The oil and gas supply is loose, and the oil price
continues to run at low level and is expected to wander
at about USD50/bbl for a long time and rebound to
USD70e80/bbl at a later stage.
2) Domestic economic transformation is carried out thor-
oughly. GDP maintains a moderateehigh rate growth,
energy consumption intensity continuously drops, and
oil consumption growth drops and tends to be stabilized.
However, gas consumption growth has a large
uncertainty.
3) The domestic oil and gas market fully integrates with the
international oil and gas market. Low oil price inhibits
the domestic enthusiasm for oil and gas exploration and
development, whereas the incremental cheap imported
oil and gas squeeze the domestic oil and gas supply
market and impact the domestic oil and gas exploration,
development and production.
4) The domestic energy production and supply diversifi-
cation process speeds up, new energy will still maintain
a relatively fast development, and oil and gas are con-
fronted with such great pressures as clean utilization of
coal and development of new energy, but the environ-
mental protection policy has brought opportunities for
the development of natural gas.
5) The marketization reform for oil and gas exploration and
development makes a great breakthrough, and the public
bidding system for oil and gas mining rights is estab-
lished. However, the effect of reserve increase and
production enhancement lags behind, and too low oil
price would offset or impair the investment desire
resulted from marketization reform.
6) Technical advancement and innovation progress fast.
The research and development of key technologies and
equipments for oil and gas exploration and develop-
ment, especially for unconventional, deep water and
deep zone oil and gas, experience a remarkable prog-
ress. The recovery factor is further enhanced, and the oil
and gas exploration and development costs ceaselessly
drop.Table 4
World oil price (WTI) and domestic incremental proved oil and gas in place.
Period Average annual world oil price/(USD$bbl1) Average annual inc
2001e2005 36.2 9.6
2006e2010 75.8 11.5
2011e2014 95.2 12.5
Note: 1) Statistical review is conducted for annual average incremental proved oil a
Development of Oil & Gas (2011e2014) and the Report on National Reserves of Oi
is conducted for world oil price (WTI) based on the data from the International P4.2. Statistical review of world oil price, domestic
incremental oil and gas reserves and annual oil and gas
outputsOil and gas discovery, incremental reserves and outputs are
affected by various factors like oil price, technical equipment,
policy, geologic condition and resources grade. Moreover, the
principal influential factors vary under different market con-
ditions and at different stages. In this paper, the nominal world
oil price (disregarding exchange rate variation, devaluation,
etc.) is adopted to conduct statistical review on the relation
between the world oil price and the domestic conventional oil
and gas reserves and outputs, explore the influencing rules of
oil price on exploration and development under the current oil
and gas system, and provide references for predicting the in-
cremental oil and gas reserves and annual outputs in the “13th
Five-Year” period.
Statistics show that during 2001e2014, the world oil price
rose from USD25.9/bbl to USD97.9/bbl [15], whereas the
annual incremental proved oil and gas in place in China
exhibited a trend of increase, with annual average incremental
proved oil in place increasing from 9.6  108 t to 12.5  108 t
and annual average incremental proved gas in place increasing
from 5362  108 m3 to 8108  108 m3, indicating an apparent
correlativity (Table 4, Fig. 1). Such correlativity implies that
the world oil price variation has a regularity and tendency
effect on the investment on oil and gas exploration and in-
cremental oil and gas reserves in China, i.e., the incremental
oil and gas reserves are larger in the high oil price period and
smaller in the low oil price period, revealing to some extent
the sensitivity of oil and gas exploration to world oil price
variation under current domestic oil and gas system.
However, statistics show that the domestic oil and gas
outputs do not have an apparent correlativity with the world oil
price (Fig. 2.). In other words, whether the oil price is high or
low, or rises or falls, the domestic oil output has all along been
slightly and steadily enhanced. This, on the one hand, reflects
the resource conditions that the resource grade drops and the
production enhancement difficulty ceaselessly increases; on
the other hand, this also reflects the reality that the oil pro-
duction blindly pursues such production enhancement as being
“Only upward but never downward” under the current system,
and the fact that the effect of world oil price variation on
domestic oil production is severely hysteretic.remental oil in place/108 t Average annual incremental gas in place/108 m3
5362
6140
8108
nd gas in place based on the data from the Report on National Exploration and
l & Gas (2011e2014) of Ministry of Land and Resources. 2) Statistical review
etroleum Economy (2004e2014).
Fig. 1. World oil price vs. domestic annual average incremental proved oil and gas in place. Note: 1) Statistical review is conducted for annual average incremental
proved oil and gas in place based on the data from the Report on National Exploration and Development of Oil & Gas (2011e2014) and the Report on National
Reserves of Oil & Gas (2011e2014) of Ministry of Land and Resources. 2) Statistical review is conducted for world oil price (WTI) based on the data from the
International Petroleum Economy (2004e2014).
Fig. 2. World oil price vs. domestic annual oil and gas output variation.
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companiesBased on the global energy supply and demand situations
and price trends in recent years, major oil companies in China
have made a prediction on the “13th Five-Year” oil and gas
exploration and development targets, and put forward corre-
sponding incremental reserve and annual output targets. Ac-
cording statistics, in the “13th Five-Year” period, the
cumulative incremental proved oil in place in China is expected
to be 52.7  108e55.7  108 t, and the cumulative incremental
proved gas in place 3.5  1012e3.8  1012 m3; in 2020, the oil
output is estimated to be 1.95  108e1.99  108 t, and the gas
output 1600  108e1900  108 m3 [16].
In the “12th Five-Year” period, great breakthroughs were
made in shale gas exploration and development and CBM
development shows a good trend as a whole, which has laid a
good basis for the “13th Five-Year Plan” and provided good
conditions for the relatively fast development of oil and gas
industry. Together with the world oil price trend and the gas
market situation, major oil companies have predicted that the
shale gas and CBM (surface recovery) outputs in China will be
180  108e240  108 m3 and 110  108e120  108 m3,
respectively in 2020 [16].Table 5
Prediction on world oil price and domestic incremental conventional oil and gas i
Average annual world oil price/(USD$bbl1) Average annual incremental prove
<50 <10.0
50e70 10.0e12.0
>70 >12.04.4. Integrated prediction on the planning targetsBased on the above prediction conditions and statistical
review results, combined with the prediction analysis results of
oil companies, integrated prediction was made on the incre-
mental reserve and annual output targets of oil and gas
exploration and development in China in the “13th Five-Year”
period under the influence of different world oil price levels.
4.4.1. Oil and gas reserve targets
In the “13th Five-Year” period, under such a new system as
complete marketization of oil and gas exploration and devel-
opment, the world oil price will become a fundamental factor
affecting the oil and gas exploration and incremental reserves
of China. According to the integrated prediction, when the
world oil price is lower than USD50/bbl, the annual average
incremental proved conventional oil and gas in place would be
lower than 10.0  108 t and 6000  108 m3, respectively;
when the world oil price is higher than USD70/bbl, the annual
average incremental proved conventional oil and gas in place
would be higher than 12.0  108 t and 8000  108 m3,
respectively (Table 5).
Restricted by the factors like technique, geologic condition
and environment, the exploration and development of shalen place in the “13th Five-Year Plan” period.
d oil in place/108 t Average annual incremental proved gas in place/108 m3
<6000
6000e8000
>8000
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The integrated analysis shows that in the “13th Five-Year”
period, if the world oil price is lower than USD50/bbl, the
annual average incremental proved shale gas and CBM in
place would be lower than 1000  108 m3 and 500  108 m3,
respectively; if the world oil price is higher than USD70/bbl,
they are expected to exceed 2000  108 m3 and
1000  108 m3, respectively (Table 6).Table 6
Prediction on world oil price and domestic incremental unconventional gas in
place in the “13th Five-Year Plan” period.
Average annual
world oil
price/(USD$bbl1)
Average annual
incremental proved
shale gas in
place/108 m3
Average annual incremental
proved CBM in place/108 m3
<50 <1000 <500
50e70 1000e2000 500e1000
>70 >2000 >10004.4.2. Annual oil and gas output targets
In the “13th Five-Year” period, the domestic oil and gas
market will fully integrate with the international oil gas mar-
ket. Then, a real market-based oil and gas price mechanism
will gradually form, oil and gas supply will tend towards di-
versity, and price would become a decisive factor of oil and
gas production and supply. The integrated prediction shows
that in the “13th Five-Year” period, if the annual average
world oil price is lower than USD50/bbl, the domestic oil
output will be lower than 2.0  108 t/a and maintain at
1.8  108e2.0  108 t/a; in 2020, the conventional gas output
will be lower than 1800  108 m3, and the annual shale gas
and CBM outputs will be 150  108 m3 and 100  108 m3,
respectively (Table 7). If the annual average world oil price is
higher than USD70/bbl, the domestic oil output will exceed
2.0  108 t/a and maintain at 2.2  108e2.3  108 t/a; in
2020, the annual conventional gas output will exceed
2000  108 m3 and possibly reach 2500  108 m3, the shale
gas output will exceed 200  108 m3, and the CBM output will
exceed 150  108 m3 (Table 7).Table 7
Prediction on world oil price and domestic annual oil and gas outputs in 2020.
Average annual
world oil
price/(USD$bbl1)
Oil
output/108 t
Natural gas
output/108 m3
Shale gas
output/108 m3
CBM
output/108 m3
<50 <2.0 <1800 150 100
50e70 2.0 1800e2000 200 150
>70 >2.0 >2000 >200 >1505. Conclusions and suggestions
1) In the period of “12th Five-Year Plan”, the oil and gas
exploration and development targets of China were
satisfactorily completed, but some deficiencies still
existed. For example, the target of oil production
(2  108 t) was overfulfilled, while the target of oilreserves remained a difference of 6.4%. The target of
gas reserves was overfulfilled, while the target of gas
production remained a difference of 6.2%. Moreover, the
targets of unconventional gases were not satisfactorily
completed. The CBM development trend was good, the
reserve and annual output growth was relatively fast, but
they were still far away from the targets, whereas shale
gas experienced a fast progress despite of its late start-
up, and the accomplishment of its targets is better than
that of CBM.
2) Failures to fulfill some targets in “12th Five-Year Plan”
were primarily attributed to the slowdown of oil and gas
consumption growth, sharp drop of oil price, down-
grading of resources, and changes of statistic basis under
the new normal. These would profoundly affect the oil
and gas exploration and development in the “13th Five-
Year” period. Among these factors, the world oil price
collapse and fluctuation at low level may radically affect
the oil and gas exploration and development reserve and
output targets in China in the future.
3) In the “13th Five-Year” period, if the world oil price is
USD50e70/bbl, China's annual average incremental
conventional oil and gas in place are expected to be
10.0  108e12.0  108 t and 6000  108e
8000  108 m3 respectively, China's annual average
incremental proved shale gas and CBM in place are
expected to be 1000  108e2000  108 m3 and
500  108e1000  108 m3 respectively, and China's
annual oil output will maintain at 2.0  108 t. In 2020,
the annual natural gas, shale gas and CBM outputs will
reach 1800  108e2000  108 m3, 200  108 m3 and
150  108 m3, respectively.
4) For the moment, oil companies should analyze, study
and determine the economic development and energy
market situations, grasp and prejudge its future trends,
overall consider the domestic and foreign oil and gas
markets, adhere to such a policy as “with market as the
guidance and benefit as the core”, and scientifically and
rationally work out the “13th Five-Year” oil and gas
exploration and development targets in China. Under the
new market-based system, oil companies should perfect
relevant mechanisms, ensure overall stable investment
on oil and gas exploration and development in China in
the low oil price period, prevent oil and gas reserves and
outputs from sharp swinging, ensure the basic security
contribution of domestic oil and gas production to en-
ergy safety, and promote sustainable development of oil
and gas.
5) Oil companies should further intensify scientific
research and technical innovation, energetically promote
the innovation, research and development of key tech-
nologies and major equipments related to exploration
and development of deep water and unconventional oil
and gas reservoirs, increase the exploitation and utili-
zation of hard-producing reserves, reduce the oil and gas
exploration and development costs and strengthens its
marketability under low oil price, and realize low-cost
116 Pan JP et al. / Natural Gas Industry B 3 (2016) 108e116and effective development of unconventional low-grade
oil and gas resources.
6) Oil companies should do such things as the follows: 1)
further promote the oil and gas resource management
reform, orderly open the exploration and development
market, ceaselessly introduce competitive mechanism,
and increase the oil and gas exploration and develop-
ment investment; 2) strengthen the oil and gas supervi-
sion, further define the supervisory duty and scope, and
promote the legalization of supervisory duty, profes-
sionalization of supervisory institution, specialization of
supervisory staff and normalization of supervisory
mode; 3) perfect the oil and gas market system, and
gradually establish a fully market-based oil and gas
pricing mechanism; 4) pay high attention to cost
reduction, efficiency promotion and production
enhancement, i.e., promote the production efficiency and
reduce the exploration operation cost, rather than simply
shut in wells, restrict outputs or stop production; 5)
intensify efforts to strip non-performing assets and
merge superior assets.References
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